Standard-setting organizations (SSOs) are of growing importance as an institution for coordinating and facilitating the economic activities of intellectual property rights holders. SSOs thus foster economic benefits of standardization and of commercializing innovation. Market adoption of standards that call for standard-compliant products to use intellectual property rights (IPRs), however, raises the potential for the creation of market power. The existence of many independent property rights incorporated into a single standardized product also increases transaction costs and the potential for coordination problems. Strategic behavior exploiting these issues may raise antitrust concerns; however, the various measures SSOs and their members adopt in response to these problems-including SSO contractual provisions-can also raise competition policy concerns.
SSOs have proven to be dynamic institutions. In response to threats of patent holdup, many have adopted and modified a number of contractual provisions to reduce its incidence. Most have also made changes to SSO policies to compete for membership. One major category of SSO contractual innovations to mitigate patent holdup involves patent disclosure rules. A second category is IPR licensing terms, such as the Fair/Reasonable and Non-Discriminatory (F/RAND) commitment. SSO IPR policies that govern the conduct of, and relationships between, SSOs and their members are enforceable contractual commitments. Contract law thus lies at the heart of enforcing SSO commitments. 1 A fundamental challenge to identifying the role, if any, that antitrust law should play in regulating SSO contracts is to understand the responsiveness of the SSO contracting process to changes in the threat of patent holdup. In other words, is the SSO contracting process efficient?
A number of competition enforcement agency officials around the world have already declared SSOs' IPR policies inadequate and contract law insufficient to deter patent holdup. They allege SSO IPR policies are either not strong enough or not clear enough and, 2 in either case, suggest further regulatory involvement may be necessary to cure the inefficiencies. Some competition enforcement agency officials propose specific improvements to current SSO IPR policies-that is, they propose new or modified contract terms to reduce ambiguity or incompleteness. Some academic commentators and practitioners have joined the competition agency officials in calling for an expanded role for antitrust law to deter patent holdup, to facilitate efficient SSO contracting, and to solve the SEP licensing problem.
3 These criticisms and the various policy proposals that flow from them require the premise that SSO contracts are inefficiently incomplete rather than an efficient outcome reflecting the costs and benefits of adding greater specificity to SSO contracts.
In this article we explore conceptually and empirically that presumption. We also document and analyze changes to eleven SSO IPR policies over time and show that SSOs and their IPR policies appear to be responsive to changes in perceived patent holdup risks and other factors. We find the SSOs' responses to these changes are varied, and that contractual incompleteness and ambiguity persist across SSOs and over time, despite many revisions and improvements to IPR policies. We interpret the evidence as consistent with a competitive contracting process and with the view that contractual incompleteness is an intended and efficient feature of SSO contracts. We conclude by exploring the implications of these findings for identifying the appropriate role of antitrust law in governing ex post opportunism in the SSO setting.
I. STANDARD-SETTING ORGANIZATIONS AND THE ECONOMICS OF IPR POLICIES

A. SSOS' ROLE IN FACILITATING INNOVATION, COMMERCIALIZATION, AND COMPETITION
SSOs have long played a crucial role in our innovation-driven economy, and this fundamental role has only intensified over the last few decades. SSOs develop, support, and set interoperability and performance standards, among others, which help to facilitate the adoption of new technologies. 4 By the early 2000s, hundreds of collaborative SSOs existed worldwide. They are comprised of firms, large and small and anywhere in between, and include members that contribute as well as members who adopt and implement technology. SSOs also span across a variety of industry and technical categories, including aeronautics, life sciences, telecom, and electronics. 5 Standards can increase the value of products for consumers and can enable firms to produce them more efficiently. 6 Interoperability standards, for example, ensure that products manufactured by different companies are compatible with one another and can also reduce companies' costs of production by making it less costly for them to acquire technical information and simplify product design. For consumers, standards facilitate interoperability from a wide adoption of the standards, which in turn can help to protect consumers from stranding and result in greater realization of network effects. 7 Consumer benefits from product compatibility are particularly large for network industries, where the value of a product or service to an individual consumer increases as the number of consumers that adopt compatible products rises.
When developing and setting standards, SSOs typically require their members to disclose the intellectual property rights they own and ask for a commitment to F/RAND royalty rate for a license to any IPRs the members contribute that becomes standard essential. 8 Working groups within SSOs then review and evaluate the various contributed technologies and, through many discussions among engineers and technical experts, determine the best technology or sets of technologies for the standard. IPRs deemed essential to a standard by the working groups are known as Standard Essential Patents (SEPs). SSOs' member firms compete vigorously for inclusion into the standard during the evaluation process, in part because owners of SEPs may earn a steady revenue stream from licensing their IPRs to firms that manufacture products that incorporate the standard.
B. SSO IPR POLICIES
There is a modest but growing literature on SSOs and their IPR policies, including a small number of empirical examinations of SSOs' contract terms. Lemley offers an early and comprehensive study of SSOs and their contract terms, concluding that SSO IPR policies fundamentally change the way in which IPRs are used in practice and the incentives to develop and commercialize IPRs in different industries. 9 Lemley emphasizes the significant diversity among SSO IPR policies and examines how antitrust rules can restrict SSOs from engaging in some important procompetitive activities. 10 SSO IPR policies exhibit rich variation across a number of dimensions. This heterogeneity could suggest the contract terms respond and adapt to changes in the competitive environment and to the specific needs of each SSO to design, incorporate, and attract the IPRs that yield the best standard for the organization. Although some SSOs have no policies at all, others have welldeveloped IPR policies. 11 For those SSOs with IPR policies, SSO rules gov-erning the scope of disclosure, licensing arrangements, and whether members' ownership of IPRs within a standard is prohibited, all vary considerably.
Some SSOs require royalty-free licensing before incorporating the IP into a standard, while others require "reasonable and nondiscriminatory licensing." 12 Other SSOs specifically compel members to license worldwide to everyone using the standard, not just to other members of the SSO. Certain SSOs provide guidance on the meaning of "reasonable" and specify a mechanism for dispute resolution, while others do not. The F/RAND commitment itself can also take a variety of forms. For example, It may be implicit from the patentees' participation in a standard-setting process (which manifests its agreement with the terms set forth in the SSOs' bylaws), or may come in the form of a written acknowledgement of such obligations or in a letter of assurance from the owner to the SSO.
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SSOs may require an IPR holder to make a uniform and specified F/RAND assurance, or may allow the IPR holder the freedom to express its willingness to license on its own terms. For example, consider the letters of assurance offered to IEEE from three different SEP holders for the Wi-Fi standard. One patent holder promises that the technology "'will be made available at nominal costs to all who seek to use it for compliance with an incorporated standard,'" 14 while another agrees to offer licenses "on a non-discriminatory basis and on reasonable terms and conditions including its then current royalty rates.'" 15 A third patent holder provides no benchmark at all to roughly estimate the royalty rates it would charge. 16 In short, SSO contract terms exhibit remarkable heterogeneity quite consistent with the variation in market forces faced by their remarkably varied members and associated technologies. Layne-Farrar's paper is the only one we are aware of that assesses how SSOs' IPR policies change over time in response to antitrust enforcement policy changes and enforcement actions. 20 Layne-Farrar illustrates that most SSOs have responded to changes in the risk of antitrust exposure by altering their IPR policies. 21 We focus instead upon the relationship between incompleteness and ambiguity in SSO IPR policies and the efficiency (or lack thereof) of those policies. We also examine empirically the responsiveness of IPR policies to all environmental changes, including, but not limited to, increased antitrust exposure.
II. SSO IPR POLICIES AND THE ECONOMICS OF INCOMPLETE CONTRACTS
A. INCOMPLETE CONTRACTS AND EFFICIENCY
The threat of holdup is a generally well-understood economic phenomenon. In the SSO setting, after a standard is adopted, and switching to an alternative standard would require significant additional investment, the holder of the IPR that is part of the standard can exploit its position to extract higher royalties when F/RAND terms are vague.
There is no doubt the threat of holdup is relevant to understanding IPR policies and their regulation because SSO contracts are incomplete in the economic sense. That is, the contracts omit terms governing some contingent states that may arise over the future life of the contractual arrangement. Other alleged imperfections involve contractual ambiguity, such as the adoption of flexible terms subject to ex post interpretation. The seminal example of intentional contractual incompleteness is the F/ RAND commitment common in many SSOs' IPR policies. The level of precision of the F/RAND term is a choice made by sophisticated parties informed by a number of tradeoffs. Most importantly, there is considerable uncertainty concerning the ultimate value of the technology, if adopted, especially in dynamic markets. Contractual flexibility ex post can be an important source of economic value as it allows transactors to adapt more efficiently over time to changes in market conditions than under a more rigid and complete contract.
There are additional reasons parties might favor less precision or more incompleteness. Exposure to potential antitrust liability imposes some costs of additional precision because such specificity with respect to prices, marketing, and distribution terms may be construed as unlawful price fixing. 23 Additional precision in the form of well-defined licensing commitments could also raise the costs of SSO participation. 24 The standard economic view recognizes that contractual incompleteness alone is not sufficient to conclude that individual contracts are inefficient, much less indicative of market failure in the SSO process. Nor is it unusual to observe contracts that eschew additional precision-and the rigidity that necessarily arises from more precise language-in favor of greater ex post flexibility. Unfortunately, much of the policy discussion involving SSO contracting appears to presume contractual incompleteness alone is sufficient to demonstrate inefficiency and to justify legal regime change or other regulatory solutions.
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For instance, some commentators and competition agency officials contend that requiring IPR holders to commit to more specific licensing terms before a technology is selected to become part of a standard, making more precise F/ RAND commitments, and otherwise more comprehensive and complete SSO contracts would further minimize the risk of holdup and enhance efficiency. 26 However, rendering a verdict on the efficiency of SSO contracts requires an analysis of the costs and benefits of greater specificity relative to the status quo and other feasible alternative arrangements. This approach of "solving" contractual incompleteness by requiring certain contract terms-or by recommendation by a regulatory agency supported by threat of law enforcement-is not economically sound in the absence of some reliable indication the incompleteness is demonstrably inefficient and can be improved upon by greater specificity. To our knowledge, there is no empirical evidence capable of providing the economic foundation for such a regulatory approach.
Firms have several means by which to mitigate the efficiency-draining potential for opportunism. For example, transactors can reduce incentives to holdup through the use of additional contract terms. To prevent or reduce the risk of opportunism, costly effort would be required to anticipate all contingencies and to negotiate and draft responsive terms. Indeed, the economic literature generally accepts that contracts will be incomplete on some margin of performance because identifying contingencies and drafting enforceable terms to perfectly covering all aspects of contractual performance is likely impossible.
Rather than greater contractual specificity, transactors' can also use reputational capital to efficiently reduce the need for court-enforced, written terms. The efficiency rationale for incomplete contracts identifies an intuitive tradeoff between more complete contracts, which may generate benefits in the form of reduced holdup costs, and the additional costs of precision, both in terms of additional negotiation and the rigidity of court enforcement as compared to self-enforcement. 27 These costs are likely to be substantial in the SSO context. For example, additional negotiations could slow the standardsetting process, causing inefficiencies and delay in bringing the technology to market, in the commercialization of IPRs, and in rewarding the inventors to continue to stimulate innovation. 28 This tradeoff renders competition agency calls for more completeness in SSO contracts unsatisfactory without analysis of whether greater rigidity would increase or decrease the risk of opportunism relative to the contracts observed in the status quo.
Of course, the inherent uncertainty in anticipating future contingenciesmost important among them being changes in technology and its commercialization over time-renders contracts necessarily imperfect and incomplete. 27 The additional negotiation costs to attempt to cover more contingencies would be wasteful and inefficient if they involve only wealth transfers between the parties. In addition, most future events can be accommodated at lower cost after the relevant information is revealed. One implication of this observation is that attempts to increase specificity may not bear fruit: the probability of holdup will not be reduced to zero. This point highlights why focusing upon incompleteness and individual terms rather than the contracting process itself is a troublesome approach. The relevant question is not whether one can point to contractual incompleteness in the abstract, but whether there is reason to believe-based upon economic theory and evidence-alternative contracts would improve efficiency as compared to those observed in the real world. Another useful way to ask this question, to which we will now turn, is whether there is persuasive reason to believe that IPR holders and SSOs systematically err in making the tradeoffs already discussed between greater precision at greater cost on the one hand, versus increased contractual flexibility on the other.
B. EX POST OPPORTUNISM AND IDENTIFYING THE ALLEGED MARKET FAILURE IN SSO CONTRACTING
A reasonable starting point for understanding the SSO contracting process is the SSO contracts themselves. The significant variation in SSOs' IPR policies that now exists is what one expects to see with competitive contracting in a diverse ecosystem of technologies and SSOs. 29 The diversity in contract terms also reflects the many different ways SSOs seek to attract valuable technology contributors as well as adopters to their standards. Although some technology companies join more than one SSO, complying with differing disclosure rules and other policies in different SSOs can be very costly to companies with IPRs, especially for those with large patent portfolios.
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Competition to attract contributors does not imply SSOs would always craft IPR policies that favor contributing members, possibly leading to a higher probability of holdup. SSOs are also constrained to have policies that are attractive to adopter members and, all else equal, an SSO is more attractive to technology contributors with a larger base of adopters. SSOs thus have the features of a two-sided market, where they serve as platforms to join together contributors and adopters. As a platform, a successful SSO needs to attract members on both sides of the platform, by striking a balance for the two sides with respect to their rules and policies. The contract terms optimizing this balance will vary between and within SSOs as technological, regulatory, and market conditions facing the organization change over time. Again, the relevant policy question is not whether SSOs, contributors, and adopters face tradeoffs in terms of balancing IPR policy completeness and precision-they certainly do-but whether there is reason to believe these sophisticated parties get the balance systematically wrong as the result of some market failure.
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The concerns with SSO contracts and market failure center around two possibilities. The first involves the possibility of externalities imposed upon third parties as a result of the SSO contracting process-that is, SSOs do not take into account the costs imposed upon third parties when selecting contract terms. In general, this possibility appears unlikely, as most if not all SSOs include both contributing and adopter members (licensees), and as Tirole and Lerner emphasize, SSOs have incentives to strike a balance between the interests of both member groups to attract both groups and increase the value of the organization as a platform.
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A specific example of the concern with SSO contract externalities is the assertion that licensees do not care about increased royalty rates, for example, because the increased rates are simply passed on to end-user customers. 33 The economic logic underlying this assertion is based upon the argument that direct buyers of technology do not bear the cost of a royalty rate increase imposed upon both the buyer and his rivals. This is not likely to be the case. Significant bargaining over royalty rates and frequent litigation involving licensee claims to enforce SSO contract terms suggest licensees do have incentives to protect against holdup. Further, licensees are not likely to pass on the full increased cost of a royalty rate increase. Very few end-use products, and in particular those that incorporate standardized technology, face a completely inelastic demand curve where manufacturers are able to completely pass on higher royalty rates to consumers. Additionally, we are not aware of any reliable evidence that indicates royalty rates and final end-use prices are higher for standardized technologies.
The second possibility is that, because SSOs include competitors, they are ripe for collusive interaction. The economic logic of this claim as it relates to SSO contracts' ability to protect against patent holdup is that technology con- 31 Reputational costs are another important element of the tradeoffs facing SSOs and their members. Most firms and IPR holders are repeat players that hope both to license SEPs and to have their technology incorporated in subsequent standards. A reputation for engaging in patent holdup would make it more difficult to convince SSOs and their members to adopt a firm's technology in the future, which would reduce the firm's ability to earn licensing revenue in the future. In addition, for firms that contribute patents to SSOs and implement standards in products, a reputation for holdup as a licensor could affect the firm's position when operating on the other side of the bargaining Both views of market failure involving SSO contracts, however, generate some testable implications. Most importantly for present purposes is that either variety of market failure contemplates (collusively or otherwise inefficiently) little if any contractual protections for implementers and adopters. That is, the view that SSO contracts are the product of market failure contemplates an inefficiently low level of protection for technology licensees. In addition to low levels of contractual protections for technology licensees, this view also implies the SSO contracting process is not likely to result in contract changes that increase protections for the potential victims of patent holdup either because they are the victims of a collusive scheme by technology contributors (facilitated by the SSO), or because licensees lack adequate incentives to seek additional contractual protections because royalty rate increases will be passed on to final consumers. We explore these predictions in Part III.
III. EMPIRICAL EXAMINATION OF SSO IPR CHANGES
To better understand the process by which SSOs shape their IPR policies, the role of incompleteness and ambiguity in the policies, and the incentives different legal and regulatory regimes will have upon that process, we examine the ways in which terms are specified in the policies, in particular as they relate to SEPs. Of particular interest is the specificity of the terms, whether those terms have or have not changed over time to respond to the risk of holdup and controversy involving SEPs, the manner in which they have changed, and whether the terms and the changes are dependent on characteristics of the SSO.
A. TESTABLE IMPLICATIONS
As discussed above, incomplete contracts are a predictable result given the costs associated with identifying all contingencies that might arise during the life of the contractual relationship. terms as written may well reduce the probability of future holdup without excluding the possibility altogether. Contractual incompleteness in this context is consistent with efficiency. Conclusions about the efficiency consequences of greater contractual specificity relative to the status quo require further analysis of the costs and benefits of the additional precision. Such analysis would include balancing the perceived risks of holdup, the impact upon the incentives to participate in the standard-setting process, and any costs that might arise due to any delays in the standard-setting process as a result of the increased specificity.
The efficiency rationale for incomplete contracts identifies an intuitive tradeoff between more complete contractual specification, which may generate benefits in the form of reducing the expected value of holdup costs, and the additional costs of precision both in terms of additional negotiation and rigidity of court enforcement as compared to self-enforcement. 36 In addition, in the case of SSOs, the terms need to apply to many different parties, with varying incentives and situations, across different technical standards, with varying levels of complexity and technical requirements, making the application of rigid terms across all parties and standards even more difficult.
To determine all ex post contingency states can take time and cause delays. SSOs appear to recognize that and choose to impose a mandatory or encouraged requirement with respect to licensing information. For example, the Internet Engineering Task Force (IETF) has stated that:
The inclusion of licensing information in IPR disclosures is not mandatory but it is encouraged so that the working groups will have as much information as they can during their deliberations. If the inclusion of licensing information in an IPR disclosure would significantly delay its submission it is quite reasonable to submit a disclosure without licensing information and then submit a new disclosure when the licensing information becomes available.
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Absent some kind of persistent market failure, we would expect to see that SSOs consider and implement IPR policy changes and adjustments in response to new information and changes in perceived risks. We would also expect responses to changes in the environment to vary across SSOs, each participating in its own competitive contracting process involving a diverse ecosystem of technologies, SSOs, adopters and contributors. 36 See discussion supra Part II.A. 37 Intellectual Property Rights in IETF Technology, Memorandum from S. Bradner, Harvard University, for the IETF and the Internet community and public at large (Feb. 2004) (on file with author).
B. DATA AND METHODOLOGY
We were able to obtain current and past IPR policies for 11 SSOs.
38 A summary of the SSOs and their basic characteristics are in Table 1 It also appears to be the case that there is not a consistent relationship between the size of the membership base and the number of standards an SSO has approved and issued. Several SSOs have a large base of members relative to the standards they have issued. For example, OASIS has 5,000 members and has produced 105 standards, and IEEE has over 400,000 members and produced 1,400 standards. On the other hand, CEN appears to have only 40 members and generated nearly 14,000 standards, and ISO has 164 member countries and generated nearly 20,000 standards. 38 We are grateful to Anne Layne-Farrar for sharing the SSO policies that she has collected with us. While there are hundreds of SSOs worldwide, not every SSO has IPR policies, and archives of past IPR policies have proved to be challenging to locate and obtain in many instances. With the exception of ITU, none of the 11 SSOs we examine here make their archive of past IPR policies readily available online. For Tables and Figures, see infra pages 184-188 . 39 The size of an SSO's membership is based upon information published on each SSO's website. Members of different SSOs may have different responsibilities, privileges, or levels of participation across SSOs. 40 Of course, the complexity and the composition of the standards at each SSO can vary significantly. We conducted a systematic review of each of the SSOs' past IPR policies for contract terms and changes involving the following provisions: (1) The inclusion of IP in standards; (2) Licensing rules; (3) IP disclosure rules and requirements; (4) Dispute resolution mechanism; and (5) Injunctive relief. Each IPR policy introduction or revision in these areas was recorded over time for the years specified in Table 1 .
C. FINDINGS AND DISCUSSION
Most SSOs change their IPR policies once per year. Others, such as IEEE, have revised their policies as frequently as a few times per year. In either case, each SSO in our sample has had multiple opportunities to revise its IPR policy.
Overall, we find that contractual incompleteness and ambiguity of IPR policies persists over time, despite many revisions, refinements, and adjustments to IPR policies. In particular, although we observe considerable changes to some IPR policy terms, ambiguity, especially with respect to F/RAND licensing terms, tends to persist across SSOs and within an SSO over time.
Further, SSOs appear to consider and implement adjustments in their IPR policies over time as new information becomes available. We also find SSOs' responses are varied, which is what one expects to see in a competitive contracting process involving a diverse ecosystem of technologies, SSOs, adopters and contributors. Different SSOs responded differently to changes in perceived patent holdup risk. Heterogeneous responses follow logically from different needs arising from variation in SSO size, membership, number of standards, type of standards, and technology required. This rich variation may also imply that different approaches to licensing and disclosure rules are necessary in response to perceived holdup risks as each SSO evaluates the net costs and benefits of IPR policy changes.
The data show SSOs are quite willing to change IPR policies, refining or reducing ambiguity for some terms while choosing to maintain incompleteness or ambiguity for other IPR policy provisions. It is difficult to escape the conclusion that SSOs and their members have determined the benefits from some IPR policy changes outweigh their costs while others are not economically sound. This calculation is likely to vary across SSOs and by IPR policy provision. Below we discuss our findings in greater detail for each of the IPR policy terms examined.
Inclusion of IP in Standards
Each of the SSOs studied allows standards to include patented inventions for all of the years for which we have IPR policies. All of the SSO policies in our possession specifically indicate that there is no objection in principle to include patented items in the standard where justified. 41 No SSO has modified its policies to prohibit incorporating patented items into its standards, despite the publication of many versions of IPR policies, during our sample period. The SSOs choose to include patented technology despite the possible increased cost, both in terms of a non-zero royalty rate and risks of patent holdup. This could suggest that, for at least some standards, it would not be workable to exclude patented inventions altogether. Despite the higher cost of incorporating patented technology into a standard, SSOs still allow and do incorporate IPRs, suggesting that the marginal benefit of doing so outweighs any costs.
Instead, SSOs appear to choose to minimize the cost of holdup risk and associated supracompetitive royalty rates by requiring assurances from patent holders on licensing terms and disclosure rules. That is, SSOs generally declare a patent is prohibited from inclusion into a standard unless F/RAND terms are agreed to and/or approved-though, as we have noted, there is substantial variation in the form of the F/RAND commitment. For example, as early as 1974, ANSI's IPR policy states:
The terms and conditions of any license shall be submitted to ANSI for review by its counsel, together with a statement of the number of independent licensees, if any, which have accepted or indicated their acceptance of the terms and conditions of the license . . . . Council shall determine, prior to approval, whether or not the patent situation would disqualify the standard for consideration. 42 Similarly, ISO's 1989 policy states: "If the patent holder does not provide such a statement, the technical committee shall not proceed with the inclusion of the patented item unless the respective Council gives permission."
43 Further, the policy asserts that "[s]hould it be revealed after publication of the International Standard that licenses under a patent and like rights cannot be obtained under reasonable terms and conditions, the International Standard shall be referred back to the technical committee for further consideration." 44 These policy terms last until the present day.
ITU's 1999 IPR policy stated:
If the patent holder is unwilling to license or waive its rights, the Recommendation will need to be revised or withdrawn and its publication suspended. In such a case, the TSB Director will promptly advise the Study Group responsible for the affected Recommendation so that appropriate action can be taken. 45 In 2000, OASIS's policy stated:
Where any patents, patent applications, or other proprietary rights are known, or claimed, with respect to any specification developed within the OASIS process, and are formally brought to the attention of the OASIS Board of Directors, the OASIS Board of Directors shall not advance the specification without including in the document a note indicating the existence of such rights, or claimed rights. 46 On the other hand, IETF's policy in 2004 appears to be more lenient with respect to the licensing commitment required for essential IPRs. IETF's policy states:
In general, IETF working groups prefer technologies with no known IPR claims, or, for technologies with claims against them, an offer of royalty-free licensing. But 
Licensing Rules for SEPs
Each SSO studied imposes licensing rules for any and all patented inventions that are included in SSOs' standards to attempt to minimize the cost and risks arising from the inclusion of those inventions. Licensing rules typically consist of a version of a royalty-free rate and/or F/RAND rate from an earlier, pre-2000 period. Since then, licensing rules and obligations for SEPs have evolved for some SSOs but not for others.
To understand the changes SSOs have made to their licensing rules over time, and in particular whether the changes increase or decrease incompleteness or ambiguity, we assigned numerical values to the licensing rules on a scale based upon the relative precision of the IPR policy rules. Most of the SSO IPR policies in our sample began with a F/RAND term. Thus, we assigned a 5 on a scale of 0 to 10 for policies that specify a basic F/RAND commitment. When additional specificity is included in later IPR policies, we assign a value that is higher than a 5 for the policies in effect during those years. Conversely, if, for a particular year, a policy eliminates language or reduces requirements, thereby reducing the level of specificity, a lower numeric value is assigned for that year. In other words, higher numeric values indicate less ambiguity, or higher specificity in terms of the commitment, and lower numeric values indicate higher ambiguity, or lower specificity. The magnitude of the numeric values alone is somewhat arbitrary and is not designed to measure the size or practical importance of changes in either direction. Rather, the changes in numeric values are used merely as a tool to depict simply the directions of the changes. We also made an effort to synchronize the specificity of the terms across SSOs. However, given the complexity and the incongruence of the licensing language across SSO IPR policies, the specificity levels may not be perfectly comparable across SSOs and are more reliable when compared within an SSO's IPR policy over time than across SSOs. JEDEC's faithfulness to a RAND format is particularly interesting in light of the fact that ambiguity of the RAND obligation was implicated in Rambus, where Rambus was alleged to have deceptively failed to disclose its SEPs. 48 Of course, a more targeted response to the alleged behavior in Rambus might [Vol. 80 be to modify IPR disclosure policies rather than licensing terms. In fact, we observe precisely such changes in JEDEC's IPR disclosure rules after 2007.
The remaining SSOs made changes to the licensing rules in their IPR policies. Five SSOs increased the specificity of their licensing terms. The most dramatic of these changes involves VITA, which had royalty-free or RAND terms from 1994 through 2006. In 2009, VITA published a new policy that includes a mandatory declaration of the maximum royalty rate and encourages the patent holder to include a draft licensing agreement. 49 This policy is still effective today. Interestingly, two SSOs, IETF and ANSI, changed their IPR policies in favor of increased ambiguity of licensing rules. In 1992, IETF's policies required assurances of a royalty-free or RAND rate, that the terms and conditions of any license be submitted for review-along with a statement of the number of independent licensees, if any, that have accepted or indicated their acceptance of the terms and conditions of the license. 52 In 1994, IETF maintained its requirements of assurances of a royalty-free or RAND rate, but eliminated mandatory submission of terms and conditions for review and disclosure of the number of independent licensees. 53 shifted IPR policy from mandating disclosure of licensing terms to merely encouraging the disclosure of licensing information (royalty-free, RAND, or no license needed). 54 ANSI also removed the requirement on submitting licenses for review and the statement of the number of independent licenses in 1997.
55 Table 2 summarizes the changes in ambiguity in licensing rules across the sample of SSOs, along with the SSOs' basic characteristics. There does not appear to be a systematic relationship between the characteristics of the SSO and the changes they have made to their licensing rules. VITA, which has a relatively small base of members and number of standards, made the most significant reduction in ambiguity to its licensing rules. On the other hand, IEEE, one of the larger SSOs, also has managed to reduce significantly the ambiguity to its licensing terms, while ANSI, another large SSO, appears to have increased the ambiguity in its licensing rules. Further, the group of SSOs that made no changes to the level of ambiguity in their licensing rules includes SSOs of different industries and varying sizes.
It makes economic sense that different SSOs responded differently to perceived patent holdup risk, in light of some very well-publicized litigation and investigations related to SEPs. Different needs arising from different sizes, memberships, standards, types of standards, and technology required, may very well mean that different approaches to licensing rules are necessary in response to the perceived holdup risks. Each SSO can evaluate for itself the relative costs and benefits of changes in their IPR policies-and, as the data have shown, at different times different SSOs have chosen to impose more rigid terms, others to maintain the level of ambiguity in the licensing rules, and some to increase the level of ambiguity.
Although the handful of antitrust enforcement actions involving patent holdup are highly publicized, taken in the context of thousands of standards upon which technologies read, there is no evidence that SSO deliberations fail to appropriately and optimally balance the costs and benefits of various IPR policy changes.
Disclosure Requirements
All SSOs in our sample have some IPR disclosure requirements. For some SSOs, disclosure requirements expanded over time to help minimize the risk of patent holdup. For others, no changes were made to expand the scope of the disclosure requirements. [Vol. 80
We assigned numerical values to disclosure requirements in a manner similar to that implemented for licensing rules-that is, based upon the relative specificity of the rules. Because most SSO IPR policies in our sample began with a requirement to disclose patent rights prior to the approval of the standard, we assigned a 5 on a scale of 0 to 10 for policies that specify such a requirement. When an IPR policy adds greater specificity to its disclosure requirement, such as specifying the timing of the required disclosure, we assign a value that is higher than a 5 for those years. Conversely, if an IPR policy eliminates or reduces ambiguity in a disclosure requirement, a lower numerical value is assigned. Similar to our approach of assigning values to licensing rules, the magnitude of the numerical values alone is somewhat arbitrary, and is used merely as a tool to understand and depict simply the directions of the changes. We also made an effort to synchronize the specificity of the disclosure rules across SSOs. However, given the complexity and the incongruence of the IPR policies across SSOs, the numerical values are not perfectly comparable across SSOs and are more reliable when compared within an SSO over time rather than across SSOs. The figure indicates that three of the SSOs in our sample-ANSI, TIA, and OASIS-chose not to expand or make more specific their disclosure requirements over time. ANSI and OASIS elected to maintain a basic disclosure rule that requires disclosure of patent rights reasonably known by the contributor prior to the approval of the standard. TIA, on the other hand, chose a disclosure rule encouraging, but not requiring, disclosure of any patents or published pending patent applications.
The rest of the SSOs made various changes to their disclosure rules. All eight made changes that increased the specificity of their disclosure rules. The most dramatic change came from VITA, which did not appear to have a disclosure requirement between 1994 and 1995. VITA added a rule requiring disclosure of IPRs prior to the approval of the standard after 1995. In 2009, VITA adopted a new policy that further required the disclosure of all patents and patent applications owned, controlled, or licensed before the working group adopts a proposed specification. The disclosure must also include patent number, country, and portions of specification that covers the patents. In addition, the 2009 IPR policy specifies that if the patent holder fails to adequately and timely disclose, the holder must license on a royalty-free basis. IEEE IPR policies make no mention of disclosure requirements from 1994 to 2007. In 2007, IEEE added language to require members to disclose IPRs based upon a reasonable and good faith inquiry.
57 ETSI similarly required its members to make a good faith inquiry and reasonable endeavors to timely inform ETSI of essential IPRs before the standard goes public for most of the 1990s and 2000s. 58 In 2008, ETSI added the provision that its IPR disclosure requirement could be fulfilled with respect to "all existing and future members of a PATENT FAMILY" by informing ETSI "of a member of this PAT-ENT FAMILY in a timely fashion." 59 As discussed earlier, JEDEC also implemented a change to its policy in 2011, adding a new detailed disclosure policy for SEPs, and specifying that the disclosure "shall be made as early as reasonably possible." 60 Prior to 2011, JEDEC's disclosure policy simply stated that all participants have an obligation to "inform the meeting of any knowledge they may have of any patents, or pending patents, that might be involved in the work they are undertaking." 61 Table 3 summarizes the changes in ambiguity in disclosure rules across the sample of SSOs, along with the SSOs' basic characteristics. There does not appear to be a consistent relationship between the characteristics of the SSO as compared to the changes they have made to their disclosure rules. As was the case for the licensing rules, VITA, a relatively small SSO, made the most significant reduction in ambiguity to its disclosure rules, while IEEE, a relatively large SSO, also significantly reduced the ambiguity of its disclosure requirements. On the other hand ANSI, another large SSO, does not appear to have reduced the ambiguity of its disclosure rules. Further, the group of SSOs that made moderate reductions in ambiguity for their disclosure rules includes SSOs of different industries and varying sizes.
As with licensing rules, it is conceivable that different SSOs responded differently to perceived patent holdup risk, in light of some very well-publicized litigation and investigations related to SEPs, based upon their different needs. The different needs, which arise from different sizes, memberships, standards, types of standards, and technology required, may very well mean that different approaches to disclosure rules are necessary in response to the perceived holdup risks. 57 
Dispute Resolution Mechanism
Most of the IPR policies we have reviewed do not explicitly contain a dispute resolution mechanism for SEPs. Only two SSOs, ETSI and VITA, appear to have included some type of dispute resolution mechanism in their IPR policies.
In particular, ETSI included an arbitration clause covering essentiality of patents in 1993, but the clause did not extend to disputes over infringement or validity of the patents. 62 Since then, ETSI's policies do not contain such a clause and have not specified mechanisms for dispute resolution with respect to essentiality, infringement, or validity of the patents.
VITA, on the other hand, included a fairly specific arbitration procedure in its 2009 IPR policy. Section 10.5 of VITA's policy states:
Any VSO member who believes a WG Member or the VITA Member Company that the WG Member represents has not complied with his/her or its obligations under this Patent Policy, including but not limited to obligations under Section 10.3 to grant licenses on terms that are fair, reasonable and nondiscriminatory, may submit his/her claim in this respect to the applicable WG Chairperson.
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The policy also states that if the claim is not resolved on an informal basis within 15 days, the Working Group Chairperson will commence an arbitration procedure. 64 The procedure involves an arbitration panel that will consist of three persons, one selected by the party asserting noncompliance, one selected by the party whose compliance or noncompliance is at issue, and a third person selected jointly by the two parties, with the VITA Technical Director acting as the non-voting administrator and the VITA General Counsel advising on the procedures to be followed.
Injunctive Relief
None of the SSOs' IPR policies in our sample include explicit policies on the ability of IPR holders to seek injunctive relief, with the exception of ETSI's policy in 1993. [N]ot seek an injunction against a PARTY in respect of any ESSENTIAL IPR in respect of: offers for sale of EQUIPMENT and METHODS or parts thereof to a customer in any country by a PARTY, or the supply of EQUIP-MENT and METHODS or parts thereof by a PARTY to a customer in any country and the use thereof by the customer in any country [provided that they are] for purposes associated with seeking the adoption of a STAN-DARD in that country. 66 Aside from the policy in 1993, the IPR policies we have obtained from ETSI do not mention any procedures or prohibitions against injunctions. We understand that there are ongoing discussions by certain SSOs over whether specific language pertaining to injunctions should be included in their IPR policies. 67 We are unaware of any SSOs in our sample that have implemented an explicit rule with respect to injunctions.
IV. THE ROLE OF ANTITRUST IN REGULATING SSO CONTRACTING PROCESSES AND THEIR OUTCOMES
The important policy debate over the role of antitrust law in governing SSO contracts turns in large part upon whether SSO contracts and other institutions sufficiently deter patent holdup. For example, reputational sanctions, contract law, and other private law remedies are available to deter patent holdup without running the risk of deterring SSO participation through the imposition of antitrust remedies. The debate is not theoretical. Based upon the view that these alternative institutions are inadequate to protect against patent holdup, competition agencies in the United States have already brought enforcement actions based upon the premise that a breach of an SSO contract-whether by charging a non-FRAND royalty rate or seeking an injunction on a FRANDencumbered SEP-constitutes an antitrust violation. 68 [Vol. 80 This expansion of conventional antitrust principles represents a significant change in the approach to regulating actual or threatened opportunistic behavior. To be sure, the Supreme Court's Kodak 69 decision contemplates the possibility of providing an antitrust remedy for contractual opportunism in very narrow circumstances. However, Kodak should give little comfort to those looking for legal support for an expanded role for antitrust in regulating SSO contracts. Courts have not been willing to extend Kodak beyond tying arrangements and have refrained from further blurring the line between antitrust law and contract law. Lower federal courts have thus overwhelmingly rejected attempts to apply Kodak-based opportunism theories of antitrust harm when given the opportunity. 70 The refusal to extend antitrust law to provide a remedy for holdup or breach of contract mirrors the traditional economic approach to opportunism. Indeed, economists have long viewed the holdup problem and ex post opportunism more generally as a problem sounding in contract law with its default substantive rules and remedies rather than in antitrust law. 71 The risk of imposing antitrust remedies in pure contract disputes can have harmful effects in terms of dampening incentives to participate in standard-setting bodies and to commercialize innovation. 72 These effects would be unfortunate consequences of policy reforms and enforcement efforts designed to improve the competitive process.
There is another economic reason-sounding in deterrence theory-to be concerned with the imposition of antitrust sanctions, including the prospect of treble damages and the damages associated with follow-on litigation, to regulate disputes under SSO contracts. The economic analysis of optimal legal sanctions and criminal punishments is built upon the foundational insight that penalties should be sufficient to induce offenders to internalize the full social cost of their crimes. 73 The rationale for an optimal total sanction greater than the perpetrator's expected gain from the violation, in the antitrust context, is a probability of detection less than one. It is difficult to justify with an economic rationale a damages multiplier, much less layering treble (or more, including follow-on actions) damages over standard contract damages, in the context of patent holdup where the probability of detection approaches one by definition. Because multiple damages are not required to generate optimal deterrence, remedies for breach of contract, or preventing the enforcement of the patent through estoppel, waiver, or other equitable doctrines, can serve to optimally deter undesirable patent holdup if they impose approximately single damages. 74 Antitrust enforcement remains available in cases of true anticompetitive price fixing or deceptively manipulating standards. However, in the absence of empirical evidence to suggest that SSOs' adaptation of their IPR policies over time has been inadequate in minimizing the probability of holdup, there is little reason to bring to apply the blunt instrument of antitrust to micromanage the competitive process in the name of improving SSO contracts.
Critically, SSOs do in fact change IPR policies in the direction of providing greater protection against holdup. The evidence presented in Part V demonstrates that SSOs reduce contractual ambiguity and incompleteness in some areas, increase ambiguity in others, and choose to maintain incompleteness and ambiguity with respect to other contractual provisions. In sum, the evidence is consistent with the view of a vibrant and competitive contract process rather than one tainted by collusion or inadequate incentives to protect licensees.
Requiring stricter or more complete SSO IPR policies might make it less attractive for IPR holders to participate in standard setting. The social costs associated with deterring participation in SSOs and reducing standardization are likely to outweigh any potential benefits associated with a marginal decrease in the already low probability of holdup. These welfare losses could include, in the short-term, SSOs more frequently selecting an inferior technology; reduced SSO participation could also lead to an incompatibility between competing technologies, which would defeat the purpose of SSOs and deprive consumers of the obvious and long-recognized benefits of standardization. Over the long run, antitrust policy aimed at reforming SSO contracts to in-crease their specificity and reduce their ambiguity could undermine the very desirable purpose of SSOs which, among other things, facilitate compatibility and interoperability, reduce consumer costs, and advance innovation.
Consider, for example, one specific proposal to resolve silence in SSO contracts concerning the conditions under which an SEP holder may pursue injunctive relief by stripping the patent holder of that right upon making a F/ RAND commitment. To our knowledge, while some SSOs have considered specifying the terms under which injunctive relief will be available to patent holders contributing technologies to the standard, no single SSO has prohibited injunctions. As we demonstrate in Part III, the fact that SSOs actively change some contract terms and not others should give some pause to those who conclude the failure to adopt a "no injunction rule" or similar restriction is the result of oversight, collusion, or inadequate incentives, and suggest that SSOs should consider terms of greater specificity and place limitations on the rights of patent holders who contribute to standards. 75 An equally plausible motivation is that it is not in the SSOs' best interests to adopt a rule prohibiting injunctions. Indeed, such a reform may have the net effect of exacerbating the risk of reverse holdup. That is, by stripping the SEP holder's right to injunctive relief, the SSO may enable a potential licensee to delay good faith negotiation of a F/RAND license and the patent holder could be forced to accept less than fair market value for the use of the patent. 76 The threat of injunction can be a very important part of the bargaining process and is likely part of the benefit of the bargain understood by a contributing member of the SSO at the time it decided to participate in the standard. The existence of the threat does not necessarily lead to holdup, as some have feared, but rather can encourage an infringing implementer to come to the negotiation table. 77 Undermining this bargaining outcome using antitrust rules runs a significant risk of doing more harm than good.
V. CONCLUSION
SSOs face complex tradeoffs in seeking to attract technology contributors and adopters to their standards. 78 IPR policies are one important dimension of this competition and are an instrument that allows SSOs to balance both sides of the market-that is, to attract contributors while balancing the needs of adopters. The contract terms optimizing this balance will vary between and within SSOs as technological, regulatory, and market conditions facing the organization change over time. The evolution of the eleven specific SSO IPR policies we observe over time is consistent with a competitive contracting process in a diverse ecosystem of contributors and adopters. Further, the resolution of contractual ambiguity and incompleteness for some contract terms and not others suggests SSOs and their members are fully capable of resolving these issues when the costs of incompleteness outweigh its benefits. Together, the available data constitute a prima facie case against the presumption underlying some policy proposals that the incompleteness of SSO contracts represents market failure in need of regulatory gap-filling or expanded antitrust enforcement. 
